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A separation of alcohols from hair lipids was
carried out by Nicolaides and Rothman (1) by
liquid chromatography and the fractions shown
to contain mainly straight-chain compounds as
determined by adduct formation with urea;
both saturated and olefinic alcohols were present
in a ratio of about 3:1, and the components,
all primary alcohols, ranged from C to CM in
length with an average molecular weight of 295.
In a later work, averages of 9—12% and 2—4%
were reported for the fatty alcohol and choles-
terol contents, respectively (2). The aliphatic
alcohol content of the imsaponiflable portion
from human forearm lipids removed by means
of acetone, ranges from 14 to 20% and eicosan-
1-el has been isolated (3); in a later study, gas
chromatographic analyses were advanced (4).
Hougen (5) by means of chromatography over
alumina coupled with urea complex formation,
isolated 12 fatty alcohols from the scalps of Bantu
men, six comprising the even members of C11 to
CM and of the others, three were branched and
saturated and the remainder, unsaturated com-
ponents (CM, CM and CM). The fatty alcohols
from skin surface lipids of four normal human
subjects have been analyzed by the gas ehro-
matograph (6). General properties of sebum and
components are summarized in reviews (7, 8).
The present study was instituted to deter-
mine not only the general fatty alcohol and
sterol contents of human scalp or hair lipids,
but also to ascertain the relative amounts of
the various substances with regard to sex, race
and scalp condition. For these purposes, alco-
holic components in a large pooi of lipids were
analyzed and their relative distribution was
then followed in poois originating from adult
white and Negro full-headed and balding men
as well as from white women.
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EXPNRIMENTAL
The procedures for determination of pertinent
constants, extraction of hair pools with petroleum
ether, saponification of the lipids with 20% sodium
hydroxide in 95% ethanol and chromatography of
the unsaponifiable portion (UNS) over alumina
(Alcoa F-20) were identical with those described
previously (9—11). One pool of hair (CF-45E) was
extracted with ethyl ether and this solvent was
also applied to the removal of lipids directly
from the scalps of white men with alopecia
(ages: 35—50 yr) and full-headed subjects with
crew cuts (ages: 18 —30 yr). For the latter, the
scalp was thoroughly swabbed with cotton pledgets
soaked with ethyl ether followed by dry pledgets
to remove any residues. Such treatment was car-
ried out on three alternate days per week. At fre-
quent intervals, the pledgets, pooled according to
the above two categories, were exhaustively ex-
tracted with ether in a Soxhlet assembly. The fil-
tered extracts were processed according to the pro-
cedure used with hair lipids. With no exceptions, all
equipment including collecting jars, filter paper
and absorbent cotton was thoroughly defatted with
distilled solvents. As with the hair cuttings, all
subjects abstained from the use of any hair dress-
ings or pomades.
The percentage distribution of UNS and Frac-
tion V from the various lipid pools employed in
this study is presented in Table I. This latter
fraction, which contains the sterol and alcoholic
components, resulted on chromatography of tINS
over alumina and elution of the column with
absolute methanol; both a solid and orange-
brown syrupy oil were present (10).
Separation of Alcoholic Components of Frac-
tion V (Large Run; Pool CF-45E): Fraction V
(95.46 g), derived from Pool CF-45E, was filtered
by centrifugation and the waxy white solid washed
with small portions of chilled methanol (A1, 15.28
g or 15.5%). The solvent was stripped, and on
storage of the residue at 00 for 16 hr, a second
crop separated. This was filtered at 00 and rinsed
with methanol; yield of Solid A2:4.07 g (4.3%).
The rectified oily residue (75.41 g) was dissolved in
150 ml n-hexane and the solution passed through
a column 150 cm by 2.5 cm containing 991 g of
silica gel with an activity of 20. The resulting fil-
trate gave rise to 3.05 g solid (Fr-ic; 10.7%). The
column was then eluted with 1 liter of benzene
followed by 500 ml quantities each of chloroform,
1-butanol and finally methanol. Stripping of the
respective solvents yielded Fr-2c (13.02 g; 45.9%),
Fr-3c (3.36 g; 11.9%), Fr-4c (2.69 g; 9.5%) and
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Fr-Sc (0.60 g; 22%) in the order stated. Fr-5c
was a very dark, semi-solid mass containing
highly oxidized material. For the isolation of
cholesterol, Solid A1 in amount of 8.5 g in 500 ml
n-hexane was chromatographed over 485 g silica
gel also with an activity of 20. The column was
eluted with 250 ml portions of the above solvents
except for the omission of methanol since recov-
ery was complete prior to this step. The product
recovered from n-hexane weighed 0.55 g (A1-1;
1.0%) and those from benzene, chloroform, and
1-butanol amounted to 1.15 g (Ai-2; 2.1%), 6.75 g
(A1-3; 12.3%) and 0.005 g (Ai-4; 0.1%), respec-
tively. Pertinent constants are listed in Table II.
Fractions A1 and A2, as well as ic to 4c, inclusive,
TABLE I
Yields of UNS and Fraction V mixtures from
normal adult male and female hair
lipid pools
Lipid p18 Source of hairb tJS FrV°,
PM-5 Mixed pool from full-
headed and balding
white and Negro males
33.3 13.5
WF-5 White full-headed male 30.4 13.4
WB-10 White balding male 30.0 12.5
CF-4 Negro full-headed male 33.8 12.1
CF-7 Negro full-headed male 31.6 14.7
CF-45E Negro full-headed male;
hair extracted with
ethyl ether
30.0 11 .0
CF-b Negro full-headed male 29.4 12.2
CB-8 Negro balding male 29.4 12.4
CB-57 Negro balding male 31.2 14.1
FEM-31 Pooled female hair 30.7 20.5
BA-15 Balding white males;
scalps swabbed with
pledgets of ethyl ether
(age: 35—50 yr)
26.2 14.5
CC-200 Swabbings of crew-cut
scalps; ethyl ether as
solvent (age: 18—30 yr;
white)
28.6 9.3
a w, C, F, B, FEM, BA and CC refer to white,
Negro, full-headed, balding, female, bald (swab-
bings) and crew-cut (swabbings), respectively.
b Unless otherwise indicated, the source com-
prised hair and was extracted with petroleum
ether (b 30—60°).
Alcohols and sterols resulting on chromatog-
raphy of UNS over activated alumina and the
column eluted with methanol.
d Some losses occurred on concentrating the
methanol eluate.
Fraction Weight, g Wt % offraction V
Iodine num-
her
Sterol con-
tent, wt %
be
2c
3c
4c
Sc
3.05
13.02
3.36
2.69
0.60
10.7
45.9
11.9
9.5
2.2
44.1
53.3
85.6
76.5
1.6
6.3
were acetylated prior to gas chromatographic
analysis.
In the above experiment, the inactivation of
the silica gel was accomplished by washing the
adsorbent in a column with absolute methanol un-
til the effluent yielded a residue of 10 mg or less.
The gel was transferred with alcohol to a rotary
vacuum evaporator and excess solvent stripped at
40° and the product further dried in a vacuum
desiccator for at least 72 hr. The silica gel was then
reactivated by heating at 110° until the activity
reached a value of 20. For this determination, a
2.50 g aliquot of the adsorbent is shaken with a
standard solution of azobenzene in cyclohexane
(20 mg/mI) for 15 mm and the optical density of
the filtrate determined at 440 mi against a cyclo-
hexane blank. The gel activity is calculated as the
weight (mg) of azobenzene adsorbed by one gram
of gel and for convenience, this value is multi-
plied by 10 so as to yield a whole number.
Preparation and Hydrogenation of Fraction V
Acetates: For the preparation of esters, the respec-
tive alcohol fractions were refluxed With acetic
anhydride in pyridine solution for a period of 15
mm. Hydrogenation of several fatty alcohol ace-
tate mixtures was performed in glacial acetic acid
with 2% of the initial weight in Adams' platinum
oxide catalyst and hydrogen at 50 psi in a Parr low
pressure apparatus at 25°. The resulting acetates
were then analyzed by infrared and gas chroma-
tography. Both procedures confirmed the absence
of unsaturation and all peaks designated as un-
saturated components completely disappeared
from the chromatogram obtained with the poly-
ester packing.
Gas Chromato graphic Analysis of Fatty Alcohol
Ace tates: A standard mixture containing the six
even-numbered n-alcohols in the range of C8 to
C18 was employed for both the qualitative and
quantitative calibrations. The acetates were then
identified by the procedures advanced by James
(12) and Stoffel et al. (13).
The polar substrate consisted of 20 wt % poly-
ethylene glycol succinate on 0-22 fire brick of 50-
60 mesh, while the non-polar packing contained 30
wt % Apiezon L on Chromosorb AW (50-60 mesh).
Both U-shaped columns were made of borosilicate
17
TABLE II
Properties of cuts from silica gel chromatography
of Fraction V of Pool CF-45E
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TABLE III
Distribution of fatty alcohols present in Fraction V
of Pool CF-45E as determined by gas
chromatography (polyester column)
Peak
No.
Carbon Number of Alcohol Wt % ofFr V'
Odd
3
.5 Even Ic 2c
Initial
Pool
C8
010
012
014
016
018
020
09
Cli
C18
C
C17
019
C
023
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
0.1
[Li
0.2
0.04
0.7
0.04
0.2
0.04
3.1
0.1
1.5
1.3
[Li
3.6
0.1
0.7
0.2
0.7
0.7
1.7
2.2
0.55
0.3
0.5
2.1
0.01
0.01
0.02
0.004
0.08
0.004
0.02
0.004
0.35
0.01
0.16
0.14
0.46
0.01
0.40
0.01
0.08
0.76
0.02
0.08
0.08
0.19
0.62
1.09
0.24
0.21
0.07
0.05
0.32
0.20
0.12
0.05
0.06
0.20
014
016
017
018
019
C20
022
024
CL
CL
C
CL
CL
CL
CL
C0
CL
CL
C4
classification of the peaks was effected by plot-
ting their respective retention volumes on the two
packings on a log-log scale.
RESULTS AND DISCUSSION
For an accurate analysis of Fraction V al-
cohols derived from the large hair lipid pool
(CF-45E), a preliminary fractionation was in-
stituted. Two solid crops were isolated, one by
filtration at 25° (A1) and the other, at 0° (A2).
A1 represented 15.5% of the Fraction V and
contained 12.3% cholesterol. Fraction A2 which
corresponded to 43% of Fraction V, possessed
0.4% cholesterol. The remaining portion of both
A1 and A2 contained long chain fatty alcohols
with more than 24 carbon atoms as determined
by the infrared spectra and their inability to
elute in the prescribed length of time by gas
chromatography. Accordingly, the total fatty
alcohol content of the two solid fractions repre-
sented 7.1% of the Fraction V sample with the
cholesterol level amounting to 12.7%; additional
small quantities of sterol occurred in the chroma-
tographed fractions (Table II).
The liquid phase (B1) was then subjected to
column chromatography over partially inacti-
vated silica gel. This method afforded an excel-
lent means of separating high and low molecular
weight homologs as well as the polar mate-
rial. However, due to the degree of gel inactiva-
tion and the paraffin-like characteristics of the
long chain alcohols, separation of saturated and
unsaturated components was not obtainable. Of
the resulting cuts, Fr-ic contained high molecu-
lar weight saturated and unsaturated alcohols
in the range of C to C; the distribution of
the olefinic members exhibited a unique pattern
throughout this range (Table III). Thus, for all
the even-numbered alcohols (Ca, C and
C,), the concentration of the mono-unsaturated
alcohols was almost double that of the saturated
component of the same carbon number, whereas,
the odd-numbered alcohols (C and C) dis-
played the reverse order. Also, the percentage
unsaturation in Fr-Ic as determined by gas
chromatography amounted to 57.4%. The io-
dine number (44.1) of this cut indicated 0.55
double bond per molecule or 1.1 double bonds
per two moles of alcohol as based n the aver-
age molecular weight (Cu; 326) and would give
rise to a value of 56.5% for the extent of un-
saturation. The latter very closely parallels the
one obtained by gas chromatography. Fr-2c
contained the remaining fatty alcohols which
0.61
1.61
1.4
0.4
0.9
1.8
1.1
0.5
0.6
1.81
° In all tables, the superscripts refer to the
total number of double bonds per molecule.
b Based on the components eluted up through
024.
glass and measured 5 ft in length. The polyester
column was operated at 180° while the Apiezon L
column was maintained at 2200. The preheater and
detector were kept at 250° and 275°, resectively.
The ionization detector cell was set at 1250 v and
the argon flow rate amounted to 53 mi/mm. All of
the analyses were carried out on a Barber-Colman
model 10 Gas Chromatograph. Identification or
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TABLE IV
comprised the entire homologous series from
C8 to C, inclusive. Analysis of this fraction
indicated that the branched chain alcohols oc-
curred predominantly in the range of (1 to
C and amounted to 8.1% of Fraction V from
Pool CF-45E. The unsaturated fatty alcohol
content of Fr-2c was 17.8%, with the C,,rolefins
constituting 9.8% or a little more than half of
the total quantity. Also, of the fractions, the
saturated primary odd- and even-numbered
alcohol contents were 5.6% and 24.3%, respec-
tively.
The calculated average molecular weight of
the alcoholic constituents of both fractions
(Fr-ic and 2c) was 288 (C.2) up through the
C-homologs. This figure was obtained by mul-
tiplying the percentage of each individual com-
ponent by its molecular weight and totalling
the values. The remaining fractions from
chromatography over the partially inactivated
silica gel appeared to contain a high polycycic
alcoholic content on the basis of its general be-
havior and of which the two viscous cuts, Fr-3c
and Fr-4c, both making up 21.4% of Fraction
V, contained sterol in amounts of 1.6% and
6.3%, respectively. The last cut (Fr-Sc) which
was very dark in color comprised 22% of the
starting material
Relative percentage composition (as alcohols and sterols) of Fraction V analyzed by gas
chromatography on polyethylene glycol succinate column
Peak C-No PM-s WF-5 V/B-is CF-4 CF-7 CF-jo CB-8 CB-57 Over-all AverageS.E. (WF, WB,
CF,CB) BA-is
c
200
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
Steroid
C8
09
CII
cli
012
1012
013 bbrC14
014
015
brC16
016
16
brCi7
Cli
brC18
Cl8
018
brCj9
Cl,
brC2o
020
C20
2Coo
CII
1021
4020
CII
0.4
0.4
0.1
0.2
2.2
0.3
0.4
0.1
5.4
0.4
1.4
3.0
5.4
0.8
11.1
1.3
1.4
10.0
1.8
2.2
1.2
2.5
30.1
9.9
0.7
2.5
5.1
20.3
0.1
0.2
0.1
0.4
1.2
0.2
0.4
6.0
0.7
2.1
1.3
6.9
5.4
1.1
1.5
13.2
0.7
2.3
2.7
4.0
12.4
16.2
7.2
1.6
0.3
1.7
9.5
17.9
0.3
0.7
0.4
0.1
2.6
0.2
0.7
0.1
5.5
0.1
2.6
1.7
7.5
0.3
6.4
1.5
1.0
11.6
0.4
0.9
1.3
2.8
14.2
12.4
5.3
2.9
0.4
0.9
8.8
13.5
0.1
0.1
0.1
0.1
0.5
0.2
0.3
0.1
5.2
0.6
2.0
1.6
6.9
0.2
5.2
1.3
1.4
12.3
0.8
1.7
2.2
3.6
11.8
16.3
6.0
2.2
0.6
1.2
15.5
18.5
0.1
0.1
0.1
0.1
0.1
0.8
0.2
0.6
6.9
0.9
2.4
1.3
8.2
0.3
7.2
1.7
1.7
11.6
1.3
2.4
1.3
4.6
26.7
7.6
0.7
1.4
10.6
14.3
0.2
0.2
0.1
0.1
0.3
0.1
0.1
0.1
4.7
0.4
1.9
1.5
7.3
0.2
5.4
1.4
1.5
13.7
0.8
2.0
2.4
3.8
12.7
16.5
6.3
1.9
0.6
1.2
12.5
18.6
0.1
0.2
0.2
0.1
1.2
0.4
0.4
0.1
6.2
0.8
2.5
0.8
7.9
0.3
5.5
1.1
1.5
14.5
0.7
1.9
2.5
3.1
11.1
16.5
6.5
1.7
0.4
1.2
10.3
19.4
0.2
0.1
0.4
0.1
2.5
0.4
0.3
0.1
6.0
0.2
2.4
2.1
8.5
0.2
6.7
1.5
1.1
12.7
0.9
1.1
1.4
3.0
12.3
15.2
5.9
2.7
0.4
1.4
9.7
21.6
0.19 0.04
0.25 0.08
0.19 0.05
0.15 0.04
1.35 0.35
0.32 0.08
0.35 0.06
0.15 0.06
5.74 0.24
0.51 0.10
2.16 0.14
1.62 0.24
7.32 0.39
0.29 0.08
5.97 0.81
1.36 0.07
1.39 0.08
12.45 0.51
0.92 0.15
1.81 0.19
1.87 0.22
3.42 0.25
12.42 0.42
15.68 0.66
6.76 0.50
1.80 0.29
0.34 0.08
1.44 0.17
10.25 1.06
18.02 0.99
0.3
0.2
0.5
0.1
4.4
0.3
0.3
0.1
6.7
0.1
2.2
1.6
8.7
0.2
4.9
1.3
0.9
12.3
1.0
0.6
1.4
2.7
11.7
14.8
4.5
2.6
0.4
1.0
11.4
21.5
0.1
0.5
0.1
6.4
11.3
0.1
1.0
0.3
5.3
0.3
2.4
0.6
6.6
0.2
5.7
1.4
1.0
11.8
0.3
1.9
2.1
2.1
10.6
12.7
5.4
1.4
0.3
0.7
6.9
11.6
0.2
0.3
0.3
0.1
1.8
0.2
0.4
0.1
5.8
0.4
2.1
1.1
7.3
0.3
6.2
1.7
1.1
13.1
0.7
2.2
1.8
3.1
12.1
16.1
5.7
2.2
0.4
1.2
9.6
21.5
Mean of the eight male hair lipid pool values preceding this column.
b Br refers to branched.
Alcohols in quantity insufficient for detection.
d Analyzed by gas chromatography (11) and by the method of Schoenheimer and Sperry (15).
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Component
Wt % in
Fraction V Initial Pool
Cholesterol (Sterols)
Fatty Alcohols: C8 —Cm
Fatty Alcohols: > Cm
"Polycyclic Alcohols"
Unidentified Material
13.5
56.6
7.1
20.6
2.2
1.5
6.2
0.78
2.3
0.24
The over-all distribution of the various fatty
alcohols among the different Fraction V samples
from hair or scalp lipids pooled according to
race, scalp condition and sex, indicated a rela-
tively consistent pattern. For example, for
eight pools, the average value obtained for the
odd- and even-numbered alcohols, were 8.1%
(±1.7%) and 53.3% (±3.9%), respectively, while
the averages for the unsaturated and branched-
chain components were 24.1% (±4.0%) and
13.6% (±4.2%), respectively (Table IV). The
values in parentheses refer to the maximum
deviation, with the average deviation repre-
senting about one-third of this figure.
Of the Fraction V mixtures, two showed
rather wide departures from several of the
above mean values. Thus, PPM-5, a mixed pool
derived from full-headed and balding adult
white and Negro males, contained odd-num-
bered, even-numbered, unsaturated and
branched-chain alcohols to the extent of 5.6%,
28.5%, 45.7% and 20.2%, respectively. Also,
Fraction V from CF-7, one of three pools origi-
nating from full-headed Negro subjects, showed
a variation only in the even-numbered and
unsaturated alcoholic contents, the values be-
ing 28.6% and 45.8%, in the order given. This
irregularity was traceable to the Cm-alcoholic
component, the pools displaying a two-fold in-
crease in eicosenol (30.0%) while the corre-
sponding saturated alcohol was barely detecta-
ble. In parallel with the rise in eicosenol, the
two pools contained a higher proportion of the
mono-unsaturated C-alcoho1 than any of the
other samples. It will also be noted from Table
IV that eicosanol was virtually absent in these
samples. However, as this alcohol occurs only
in minute quantities in the other mixtures
(0.4%) and since the odd-carbon alcohols in
this molecular weight range generally displayed
a decided drop in the mono-unsaturated homo-
logs, it is quite possible that Fraction V from
the two pools contained eicosanol in concentra-
tions bordering the limits of detectability. Such
considerations likewise apply to the branched
tetradecanol and hexadecanol, both of which
could not be detected in Fraction V from Pool
WF-5. In spite of their occurrence in trace
levels, such moieties should not be regarded as
artifacts but as integral components of sebum.
Consequently, in the few exceptional cases
where peaks are not defined, the respective sub-
stances should not he reported as absent but
rather as non-detectable.
The values for alcoholic components of
Fraction V derived from scalp lipids extracted
with ethyl ether (BA-15 and CC-200) in addi-
tion to CF-45E were in good agreement with
those deduced for the majority of cases in this
study employing petroleum ether in the lipid
extraction. With Fraction V of BA-15, marked
increases were noted in undecanol (6.4%) and
dodecanol (11.3%) in contrast to the usual val-
ues of 0.1—1.3%. Differences might be expected
with this scalp 'sebum' due to the prominence
of epidermal lipid components (7, 14). Al-
though not as pronounced, elevation in dode-
canol was also observed for the product from
the sole female pooi (FEM-31; 4.4%). A sum-
mary of the over-all distribution of alcohols in
the male hair lipid pools is presented in a col-
umn of Table IV.
It should be pointed out that the results
reported in Table IV are based solely on the rel-
ative quantities recovered by gas chromatogra-
phy and not in terms of the actual weight per-
centages in either Fraction V or initial lipids.
Nevertheless, the values are proportional for
the respective components and are very useful
in the comparison of relative distribution among
these pools. In order to obtain actual concen-
trations, it would be necessary to ascertain the
exact contents of the polar or polycyclic ma-
terial in the pools, values which might vary
widely. Accordingly, only the data presented
in Table III for the large pool (CF-45E) repre-
sent actual weight percentage and a summary
of the composition is given in Table V.
Although the presence of octadecatrienol could
not be unequivocally established, it is probable
that its Dresence mitht be masked by eieosenol
TABLE V
Summary of the composition of Fraction V from
Pool CF-45E
Based on the data of Table III.
ALCOHOLIC COMPONENTS OF HUMAN LIPIDS 21
which elutes just after linolenyl alcohol. Octa-
decadienol could be detected in trace amounts
in only a few of the samples.
SUMMARY
The sterol and alcohols of human hair and
scalp lipids have been concentrated by saponifi-
cation and chromatography of the unsaponifi-
able portion over alumina; the alcoholic com-
ponents (Fraction V) were eluted from the
column by means of absolute methanol. For one
large batch of lipids (CF-45E), Fraction V was
filtered from solid and the resulting rectified oil
dissolved in n-hexane, chromatographed over
partially spent silica gel (activity: 20) and the
colunm eluted with benzene, chloroform, 1-bu-
tanol and methanol. By this method, separa-
tion of high and low-molecular weight compo-
nents and polar materials was afforded. The
alcohols were converted to the acetates and
analyzed by gas chromatography. A proximate
analysis of sterol and alcohols is summarized
in Table V. The distribution of fatty alcohols in
Fractions V from lipids collected according to
sex, race and scalp condition was rather con-
sistent from pooi to pooi and no unequivocal
differences could be attributed to any particu-
lar category though a few discrepancies were
apparent. Thus, an irregularity was noted in
the C, component from two pools and branched
C14 and C16 alcohols could not be detected in yet
another one.
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